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NEW APPLICATIONS OF ANALYTICAL TECHNIQUES TO FOSSIL FUELS 
Introduction to the Symposium 
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The "New Applications of Analytical Techniques to Fossil Fuels" symposium 
was envisioned as a forum for researchers to describe (1) new twists to 
established techniques, (2) techniques only recently applied to fossil 
fuels, and ( 3 )  potentially useful techniques that have not as yet been 
applied to such materials. The response to our call for papers was over- 
whelming, the result being a four-day symposium consisting of thirty-six 
technical presentations. The podium will be shared by speakers from indus- 
trial, government, and university laboratories. We are pleased to 
acknowledge participation by three countries -- Canada, United Kingdom, and 
the United States -- all of which have well-established, on-going fossil 
fuel programs. 

ORGANIZATION OF THE SYMPOSIUM 

We resisted the urge to organize the papers into sessions according to 
analytical technique by structuring the symposium so as to place primary 
focus on the materials examined and the type of information obtained. Thus, 
one session is devoted to coal or coal macerals as total (unseparated) 
materials, while other sessions emphasize analyses for particular functional 
groups. Another session deals with compound identification, while others 
address process-oriented analysis and measurements of dynamic processes. 
Logistical consideration dictated that the three invited magnetic resonance 
papers be organized into a single session. 

Most of the symposium papers deal with instrumental methods of analysis. 
This was not unexpected because applications of modern instrumental tech- 
niques have experienced phenomenal growth since their introduction in the 
mid- and late-1940's. Figure 1 depicts historically the introduction of a 
few such techniques into the coal research programs at the Pittsburgh Energy 
Technology Center; the timetable of Figure 1 closely parallels that for 
other fossil fuels research organizations located throughout the world. The 
large number of techniques that will be described during this symposium 
suggests that periodic updates of such plots are appropriate at relatively 
short intervals. Among the many techniques included in the symposium are 
laser induced fluorescence, inverse gas chromatography, ultraviolet 
resonance Raman spectroscopy, and zero field nuclear magnetic resonance, as 
well as many of the hyphenated techniques, such as TGA-FTIR, GC-FTIR, and 
LC-MS. Classical wet methods, nonetheless, are not ignored. 
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SOME THOUGHTS FOR THE FOSSIL FUEL ANALYST 

The cu r ren t  r o l e  o f  t h e  f o s s i l  f u e l  a n a l y s t  i n  t h e  r e sea rch  environment is 
one i n  which h e  f u n c t i o n s  as an i n t e g r a l  member o f  t h e  r e sea rch  planning 
team. The a n a l y s t  faces a number of t e c h n i c a l  cha l l enges  t h a t  r e q u i r e  a 
very broad s c i e n t i f i c  knowledge covering a number o f  d i f f e r e n t  d i s c i p l i n e s .  
The lack o f  such knowledge may very Well l e a v e  t h e  f o s s i l  f u e l  a n a l y s t  
vulnerable  t o  a v a r i e t y  o f  " p e r i l s  and p i t f a l l s "  t h a t  i n  some c a s e s  are 
unique to  t h e  f o s s i l  f u e l  a r e a .  The fol lowing though t s  are given (wi th  per- 
haps a deg ree  o f  " tongue i n  cheek") t o  draw a t t e n t i o n  to  s e v e r a l  o f  t h e s e .  

Perils and Pitfalls 

Thou shalt have many samples before thee, and no one shall be considered sacred is, 
f o r  example, good a d v i c e  f o r  t h e  c o a l  a n a l y s t .  In  a s tudy of  s ix ty - fou r  
v i t r a i n s  from c o a l s  o r i g i n a t i n g  from n ine  c o u n t r i e s ,  a q u i t e  v i a b l e  explana- 
t i o n  f o r  t h e  e l e c t r o n  s p i n  resonance (ESR) c h a r a c t e r i s t i c s  o f  t h e  samples 
was presented ( 1 , 2 ) .  Desp i t e  t h e  l a r g e  number o f  samples and t h e  wide geo- 
g raph ica l  d i s t r i b u t i o n ,  a more r e c e n t  s tudy  r e v e a l e d  "unusual" c o a l s  that  do 
no t  adhere t o  t h e  c o r r e l a t i o n s  e s t a b l i s h e d  du r ing  t h e  earlier s tudy  ( 3 ) .  
Needless t o  s a y ,  such f i n d i n g s  o f t e n  l e a d  to new r e s e a r c h  o p p o r t u n i t i e s  and 
improved understanding of c o a l  s t r u c t u r e .  

I n  a similar ve in ,  Thou shalt have a varlety of analytical methods before thee, and 
again, no one shall be considered sacred This s t a t emen t  is motivated by r e s u l t s  
from an ex tens ive  l a b o r a t o r y  s tudy  of f i v e  methods t h a t  are c o m o n l y  used 
f o r  the determinat ion of a spha l t enes  (4,s). I n  t h e i r  i n i t i a l  s tudy ,  which. 
was confined t o  a coal-der ived l i q u i d ,  S c h u l t z  and Mima found ( n o t  
unexpectedly) t h a t  t h e  r e s u l t s  were dependent on t h e  method t h a t  was 
used (4 ) .  The method dependency was f u r t h e r  confirmed ( a g a i n ,  no t  
unexpectedly) i n  t h e i r  second s tudy,  which extended the  t e s t i n g  of t h e  
methods t o  a coal-der ived s o l i d  (5) .  Subsequent a n a l y s i s  of  t h e  d a t a  for 
both samples ( F i g u r e  2) revealed a sample dependency in  a d d i t i o n  t o  t h e  
method dependency, t h u s  precluding t h e  use  of a c o n s t a n t  f a c t o r  t o  compare 
t h e  r e s u l t s  of a n a l y s e s  performed by t h e  d i f f e r e n t  procedures  ( 6 ) .  

With r e spec t  t o  t h e  c o a l  a n a l y s t ' s  need f o r  a broad knowledge o f  a v a r i e t y  
o f  s c i e n t i f i c  d i s c i p l i n e s ,  it is we l l  t h a t  Thou shalt remember thy physics and 
honoritsrelevance. Drawing aga in  from t h e  ESR l i t e r a t u r e ,  it has  been shown 
t h a t  misleading g v a l u e s  and s p e c t r a l  i n t e n s i t i e s  may r e s u l t  from t h e  l a c k  
o f  a t t e n t i o n  g iven  t o  t h e  phys ica l  bases  t h a t  u n d e r l i e  bo th  t h e  ESR 
phenomena and t h e  microwave techniques employed t o  obse rve  t h e  
resonances ( 7 ) .  

F o s s i l  f u e l  a n a l y s t s  shou ld  no longer  permit  themselves  t o  be viewed as con- 
veyers of d a t a ,  and t h e y  must Recognize that "data, however fascinating, is not 
Insight"@). The p r e s e n t  au tho r s  feel t h a t  coinage o f  t h e  ph rase  "da ta  base" 
is unfo r tuna te  i n  t h a t  it fa i l s  t o  communicate t h a t  it is t h e  s t o r a g e  of 
information o r  t h e  t r a n s l a t i o n  o f  d a t a  i n t o  u s e f u l  information that  should 
be emphasized. 

Analysts, i n  g e n e r a l ,  s t r i v e  to  ach ieve  r e s u l t s  o f  h igh  p r e c i s i o n .  I t  is 
our  f ee l ing  t h a t  a more appropr i a t e  goa l  is t o  s t r i v e  f o r  t h a t  p r e c i s i o n  
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necessary to solve the problem at hand. It is important that analysts Know 
thy data and thy precision, and use both wisely. Some recent work undertaken in 
our laboratory to respond to a challenge of the doublet state free radical 
interpretation of the ESR behavior of coals (9)  serves to illustrate this 
point. Careful reanalysis of the data from reference 9, the results of 
which are summarized in Table 1, showed no reason to choose a model that 
includes both doublet and triplet states over the Curie law model, which 
is, in part, the basis for the doublet state free radical 
interpretation (10). 

Fossil fuel analysts often face the problem of long-term storage instability 
of samples. Although the problem has been well documented (11-13),  it is 
appropriate to remind analysts that they should Honor thy sample, for its 
integriv (or lack thereof) may very well reflect upon their own. Long-term sample 
stability is but one of many concerns. Certainly, analytical results on 
second-hand samples are suspect, and those on samples of questionable origin 
should be rejected outright. Additionally, short-term sample stability has 
received little attention despite a study that showed measurable changes in 
spectral properties of coal within a few hours after removal from the mine 
atmosphere (14) .  The lack or improper use of sampling protocols is yet 
another problem that often confronts the fossil fuel analyst. Unless he 
asserts himself as a member of the research team, the problems associated 
with improper sampling are likely to be ignored. 

A Closing Thought 

The final thought that we would leave with the audience is that analytical 
methods that have been applied successfully t o  other materials frequently 
are not directly transferable to the analysis of fossil fuels. Rare is the 
coal analyst who has not on occasion identified with Figure 3.  We offer 
this closing thought for consideration by the speakers as we open this sym- 
posium. 
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Table 1. FSR In-tv-Temperature (IT) Behavior for a Sinale C d  

Temperature Range, K 126 to 264 

IT (Measured], Arbitrary Units 23.4 to 28.95 

IT (Measuredl - IT (Predicted) -0.45 to 0.25 
(CURIE L A W  MODEL1 

IT (Measured) - IT (Predicted) -0.47 to 0.37 
(CHARGE TRANSFER MODEL) 
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FIGURE 2. Comparison of Methods for the Determination of Asphaltenes 
in Liquid and Solid Products from Coal Liquefaction 

FIGURE 3. The Study of Coal Structure 

4 
4 

No.19953 

6 


